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FIG. 4
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FIG. 5
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1
FLANGE JOINT ASSEMBLY FOR
FLAMMABLE LIQUID

STATEMENT OF RELATED CASES

This application is a divisional of U.S. Ser. No. 16/469,
492, filed Jun. 13, 2019, which is a 371 International
application based on PCT Serial No. PCT/US2017/065988
filed Dec. 13, 2017, which is based on U.S. Provisional Ser.
No. 62/333,590, filed Dec. 13, 2016, the entire contents of
which are incorporated herein by reference.

FIELD OF THE DISCLOSURE

The present disclosure generally relates to a flanged fitting
for a system for flammable liquids. Such flanged fittings can
include, but are not limited to, equipment nozzle assemblies,
piping, piping spools, valves, special fittings, covers, agita-
tors, mechanical seals, baffles, and other flanged fittings.

BACKGROUND OF THE DISCLOSURE

The National Fire Protection Association’s code NFPA 30
provides safeguards to reduce the hazards associated with
the storage, handling, and use of flammable and combustible
liquids. Suitable materials for flange fittings for flange joint
assemblies for flammable and combustible liquids under
NFPA 30 may include carbon steel, nickel alloys and reac-
tive metals, such as titanium, zirconium, and tantalum.
Conventional glass-lined flanged fittings would not meet
NFPA 30 standard for flammable and combustible liquids or
be able to pass the fire test specified in American Petroleum
Institute API Specification 6FB, “Specification for Fire Test
for End Connections.”

One type of flanged fitting suitable for connection to a
flanged conduit is an expansion joint fitting assembly. How-
ever, conventional expansion joint fittings may not be suit-
able to meet NFPA 30 standard for flammable and combus-
tible liquids when connected to non-metal lined equipment
and/or may not pass the fire test specified in American
Petroleum Institute API Specification 6FB, “Specification
for Fire Test for End Connections.”

SUMMARY OF THE DISCLOSURE

In one non-limiting aspect, a flanged fitting for flammable
liquid generally comprises an annular fitting flange having
an annular end face, and a glass liner lining a radially inner
annular portion of the annular end face of the annular fitting
flange. A radially outer annular portion of the annular end
face of the annular fitting flange is free from the glass liner.
The radially inner annular portion and the radially outer
annular portion of the annular end face of the annular fitting
flange define an annular gasket abutment face configured to
seat a gasket thereon.

In another non-limiting aspect, a flange joint assembly for
conveying liquid generally comprises a flanged fitting hav-
ing upstream and downstream longitudinal ends and a
longitudinal axis extending between the opposite upstream
and downstream longitudinal ends. The flanged fitting
includes a fitting conduit extending along the longitudinal
axis of the flanged fitting. The fitting conduit has an interior
surface defining an opening extending through the upstream
and downstream longitudinal ends of the flanged fitting. An
annular fitting flange extends radially outward adjacent the
downstream longitudinal end of the flanged fitting. The
annular fitting flange has an annular downstream end face,
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and a non-metal liner lining the interior surface of the fitting
conduit and a radially inner annular portion of the annular
downstream end face of the annular fitting flange. A radially
outer annular portion of the annular downstream end face of
the annular fitting flange is free from the non-metal liner and
is fire-rated. The non-metal lined radially inner annular
portion and the radially outer annular portion of the annular
downstream end face of the annular fitting flange define an
annular gasket abutment face at the downstream longitudinal
end of the flanged fitting. An annular gasket includes an
upstream annular gasket layer generally opposing and seated
on the annular gasket abutment face. The upstream layer
includes a radially inner annular gasket segment and a
radially outer annular gasket segment surrounding the radi-
ally inner annular gasket segment. The radially inner annular
gasket segment comprises a first material suitable for form-
ing a liquid-tight seal with the non-metal lined radially inner
annular portion of the annular gasket abutment face. The
radially outer annular gasket segment is fire-rated and com-
prises a second material suitable for forming a fire-rated seal
with the radially outer annular portion of the annular gasket
abutment face that is fire-rated.

In yet another aspect, an annular gasket for a flange joint
assembly generally comprises an annular gasket layer. The
annular gasket layer includes a radially inner annular gasket
segment comprising a first material suitable for forming a
liquid-tight seal with an opposing flange. The radially inner
annular gasket is not fire-rated. A radially outer annular
gasket segment surrounds the radially inner annular gasket
segment. The radially outer annular gasket segment is fire-
rated for forming a fire-rated seal with the opposing flange.

Other features will be in part apparent and in part pointed
out hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal section of one embodiment of a
flange joint assembly constructed according to the teachings
of the present disclosure;

FIG. 2 is an enlarged view as indicated in FIG. 1;

FIG. 3 is an enlarged view similar to FIG. 2, with an
expansion joint fitting removed from the flange joint assem-
bly, showing one embodiment of a flanged fitting of the
flange joint assembly;

FIG. 4 is similar to FIG. 3, with an annular gasket
removed from the flange joint assembly;

FIG. 5 is an elevational view of the annular gasket;

FIG. 6 is a cross section of the annular gasket taken in the
plane defined by the line 6-6 in FIG. 5;

FIG. 7 is an enlarged, partial cross section of another
embodiment of a flange joint assembly including two second
embodiments of flanged fittings coupled to one another and
the annular gasket disposed therebetween;

FIG. 8 is an enlarged, partial cross section of one of the
flanged fittings in FIG. 7;

FIG. 9 is a cross section of the expansion joint fitting
constructed according to the teachings of the present dis-
closure; and

FIG. 10 is similar to FIG. 1 and additionally including a
flanged liquid-conveying component attached to a down-
stream end of the expansion joint fitting.

Corresponding reference characters indicate correspond-
ing parts throughout the drawings.

DETAILED DESCRIPTION OF THE
DISCLOSURE

Referring to FIG. 1 of the drawings, a flange joint
assembly suitable for use in conveying flammable liquid,
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such as from a liquid-reactor and/or within liquid-conveying
conduit system is generally indicated at reference numeral
10. In this illustrated embodiment, the flange joint assembly
10 comprises a flanged fitting, generally indicated at 12; an
expansion joint fitting, generally indicated at 14; an annular
gasket, generally indicated at 15, disposed and sandwiched
between the flanged fitting and the expansion joint fitting;
and a flange coupler assembly, generally indicated at 16,
coupling together the flanged fitting, the expansion joint
fitting and the annular gasket. It is understood that flanged
fitting 12 of the present disclosure may be used separate
from and independent of the illustrated expansion joint
fitting 14 and/or the illustrated annular gasket 15; the
expansion joint fitting 14 may be used separate from and
independent of the illustrated flanged fitting 12 and/or the
illustrated annular gasket 15; and the annular gasket 15 may
be used separate and independent of the illustrated flanged
fitting 12 and/or the illustrated expansion joint fitting 14. For
example, as explained in more detail below, the flanged
fitting 12 may be coupled to other types of conduits, other
than the illustrated expansion joint fitting 14, including other
types of expansion joint fittings, flanged piping, flanged
components, etc. (as represented schematically in FIG. 3).
The expansion joint fitting 14 may be coupled to other types
of flanged fittings, other than the illustrated flanged fitting
12, including other types of nozzles, or piping, etc. The
annular gasket 15 may be coupled between other types of
fittings, or piping, etc., other than the illustrated flanged
fitting 12 and expansion joint fitting 14.

The flanged fitting 12 has a longitudinal axis [LA1, oppo-
site upstream and downstream longitudinal ends (broadly,
first and second longitudinal ends), and a passage 20 extend-
ing longitudinally within the flanged fitting and through the
upstream and downstream longitudinal ends thereof. As
used herein when describing the flanged fitting 12 and its
components and structures, the longitudinal axis of the
flanged fitting is used as the point of reference for the terms
“axially,” “radially,” “inner,” “outer,” and like qualifiers.
The illustrated flanged fitting 12 is configured as a nozzle,
such as a nozzle for a reactor vessel. In other examples, the
flanged fitting 12 may comprise other types of fittings,
including piping or other conduits for conveying liquids, or
other types of fitting components, including covers, agita-
tors, mechanical seals, baffles, valves, etc. for use in a liquid
system.

The flanged fitting 12 comprises a conduit, generally
indicated at 22, and an annular flange, generally indicated at
24, at a downstream longitudinal end of the flanged fitting.
The conduit 22 comprises a conduit body 224 (e.g., nozzle
neck; pipe), and the annular flange 24 comprises an annular
flange body 24a at a downstream longitudinal end of the
conduit body. Together, the conduit body 22a and the
annular flange body 24a form a fitting body of the flanged
fitting 12. The fitting body may be formed as a one-piece,
monolithically formed component, or the conduit body 22a
and the annular flange body 24a may be formed separately
and secured to one another. The fitting body may be fire-
rated. As used herein, “fire-rated” means a component or
structure is formed from material that meets the standard set
forth in NFPA 30, and may include carbon steel, nickel
alloys, reactive metals, and combinations. The fitting body
may be comprised of (e.g., be formed from) a metal material,
such as carbon steel or other types of metal. In the illustrated
embodiment shown in FIGS. 1-4, the fitting body may be
formed as a suitable stub end for an ASME Class 150 or 300
joint flange.
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An internal liner 26 lines an interior surface of the fitting
body, including the conduit body 224 and the annular flange
body 24a. In one example, the liner 26 acts as a corrosion-
resistance barrier to inhibit liquid in the flanged fitting 12
from contacting and corroding the material (e.g., metal) of
the fitting body. In one or more examples, the liner 26 may
comprise (e.g., be formed from) a non-metal material, such
as glass, graphite, silicon carbide, ceramic, or other non-
metal material. In one example, the liner 26 may uniformly
cover the entire interior surfaces of the conduit body 22a and
the annular flange body 24a. The liner 26 may have a
uniform thickness of up to about 100 mm or other thick-
nesses. As explained below, the fitting body is modified to
ensure the flange joint assembly 10 does not fail when
subjected to a fire test temperature between 1400° F.-1800°
F. (761° C.-980° C.) for a period of 30 minutes, according
to the API Specification 6FB, Titled “Specification for Fire
Test for End Connections.” That is, the fitting body is
suitable for passing the test set forth in API Specification
6FB.

For reasons explained below, as shown in FIGS. 2-4, the
annular flange 24 of the flanged fitting 12 also comprises an
annular flange extension 28 extending around the outer
diameter portion of the annular flange body 24a and may be
formed (e.g., forged and/or machined) as a one-piece, mono-
lithically formed integral part of the annular flange body
24a. The annular flange extension 28 increases the diameter
of the annular flange 24 of the flanged fitting 12 beyond
standard ASME Class 150 or 300 raised face dimensions
without interfering with the flanged fitting 12 bolting 63 and
fastener openings 56 and 220. The annular flange extension
28 may be fire-rated. For example, the annular flange
extension may be comprised of a (e.g., be formed from) a
metal material, such as carbon steel or other types of metal
that match the annular flange body 24a. In one example, as
shown in FIG. 4, the annular flange extension 28 may have
a radial width W1 of about 34" (9.525 mm) to increase the
diameter of the annular flange 24 by 34" (1.905 cm). In other
embodiments, the annular flange extension 28 may be
formed separately and secured to the flange body 24a of an
ASME Class 150 or 300 standard raised face configuration
flanged fitting by welding or in other suitable ways.

The annular flange 24 of the flanged fitting 12 further
comprises an annular insert or inlay 30 adjacent the outer
radial end of the annular flange 24. The annular inlay 30 is
positioned downstream of the annular flange extension 28
such that a radially outer annular portion of the annular inlay
30 overlies (as viewed from the downstream longitudinal
end of the flanged fitting) and abuts the annular flange
extension. The annular inlay 30 may have an axial thickness
T1 of about 14" (6.35 mm). Moreover, the radially outer
surface of the annular inlay 30 is generally flush with the
radially outer surface of the annular flange extension 28. The
annular inlay 30 extends radially inward relative to the
longitudinal axis LLA1 of the flanged fitting 12 and into an
annular recess 34 of the annular flange body 24a such that
a radially outer annular portion of the liner 26 of the annular
flange 24 overlies (as viewed from the downstream longi-
tudinal end of the flanged fitting) and abuts a downstream
surface of a radially inner annular portion of the annular
inlay. In other words, the radially outer annular portion of
the liner 26 of the annular flange 24 generally abuts and is
positioned downstream of the radially inner annular portion
of the annular inlay 30. The annular inlay 30 may be formed
and secured from a welding method (i.e. weld overlay—
thickness build-up through welding passes with final
machining) to the annular flange body 24a¢ within the
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annular recess 34 and forms a one-piece, monolithically
formed annular flange body 24a. In one example, as shown
in FIG. 4, the annular inlay 30 may extend radially inward
from the radially outer end of the liner 26 a distance d1,
which may be about %4" (6.35 mm), to inhibit crevice
corrosion that can propagate underneath the liner and lead to
cracking and/or failure of the liner. In other embodiments,
the annular inlay 30 may be formed separately (e.g., forged
and/or machined) and secured to the annular flange body
24q within the annular recess 34 using a welding method or
in other suitable ways.

The radially outer annular portion of the annular inlay 30
extends more radially outward than the radially outer annu-
lar portion of the liner 26 relative to the longitudinal axis
LA1 of the flange fitting 12. For example, as shown in FIG.
4, the annular inlay 30 may extend radially outward from the
radially outer end of the liner 26 a distance d2, which may
be about 34" (9.525 mm). In the illustrated embodiment, the
radially inner annular portion of the annular inlay 30 has an
annular recess 36 at its downstream longitudinal end surface
in which the radially outer annular portion of the liner 26 is
received such that the downstream longitudinal end surface
of the annular inlay at its radially outer portion is generally
flush with the downstream end surface of the liner at the
radially outer portion of the liner. Thus, the glass liner 26
lines a radially inner annular portion of the annular down-
stream end face of the annular fitting flange 24, and a
radially outer annular portion of the annular downstream end
face of the annular fitting flange is free from the glass liner.
Together, the downstream surface of the radially outer
portion of the annular inlay 30 and the downstream surface
of'the liner 26 on the flange 24 define a gasket abutment face
at the downstream longitudinal end of the flanged fitting 12.
The annular gasket abutment face is generally planar and
lies in a plane generally perpendicular to the longitudinal
axis LA1 of the flanged fitting 12. The downstream longi-
tudinal surface of the radially outer annular portion of the
annular inlay 30 partially defining the gasket abutment face
may include a roughened finish, e.g., a phonographic finish
(broadly, a serrated surface), to enhance and/or facilitate
seating of the annular gasket 15 on the gasket abutment
surface. For example, the downstream surface of the radially
outer annular portion of the annular inlay 30 may include a
phonographic finish of about 125 to about 250 root mean
square (RMS) micro inches.

For reasons explained below, the annular inlay 30 may be
fire-rated. For example, the annular inlay 30 may comprise
(e.g., be formed from) metal, such as a nickel alloy (e.g.,
Alloy 625, Alloy 600, Alloy C-276/C-22/C-2000, Hastel-
loy® G-30/G-35/BC-1, Inconel® 686, Monel® 400, Alloy
825, Alloy 200, AL-6XN®, or 904L. SS), or a reactive metal
(e.g., titanium Gr. 2/Gr. 7, zirconium 702, tantalum, tanta-
lum with 2.5% tungsten), or combinations thereof, including
alloys thereof. In one example, the annular inlay 30 is
formed from Alloy 625.

In one method of making the flanged fitting 12, a one
piece, monolithically formed flanged fitting including the
annular flange extension is provided (e.g., forged and/or
machined) as the fitting body. The fitting body is machined
to form the annular recess 34 in the body. The annular inlay
30 is formed and secured from a welding method (e.g., weld
overlay—thickness build-up through welding passes with
final machining) to the annular flange body 24a within the
annular recess 34 and forms a one-piece, monolithically
formed annular flange body 24a. The recess 36 of the inlay
30 is machined. The liner 26 (e.g., glass) is then applied to
the interior surface of the flanged fitting body. The flanged
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fitting 12 may be formed in other suitable ways where the
annular flange extension 28 and the annular inlay 30 are
formed separately or a combination of monolithically
formed parts and separate components and secured using a
welding method or in other suitable ways.

Referring to FIGS. 5 and 6, the annular gasket 15 com-
prises opposing first and second annular gasket layers,
generally indicated at 40a, 405, respectively, (e.g., longitu-
dinally upstream and downstream annular gasket layers),
and an inner annular substrate 42 sandwiched between the
first and second annular gasket layers. As used herein when
describing the annular gasket 15 and its components and
structures, an axis Al of the annular gasket is used as the
point of reference for the terms “axially,” “radially,” “inner,”
“outer,” and like qualifiers. Each annular gasket layer 40a,
405 comprises a radially inner annular gasket segment 44
and a radially outer annular gasket segment 46 secured to a
radially outer end of and circumferentially surrounding the
radially inner annular gasket segment.

The radially inner annular gasket segment 44 of the
upstream annular gasket layer 40a generally opposes, abuts
and seats against the liner 26 of the annular flange 24. The
radially inner annular gasket segment 44 of the downstream
gasket layer 405 is configured to generally oppose, abut and
seat against an annular flange or other component of the
other component (e.g., the expansion joint fitting 14) of the
flange joint assembly 10. The radially inner annular gasket
segment 44 is sized and shaped to extend from the radially
outer end of the liner 26 on the annular flange 24 toward
longitudinal axis of the flanged fitting 12 when the joint
flange assembly 10 is assembled. In one example, the
radially outer ends of the radially inner annular gasket
segments 44 and the radially outer end of the liner 26 of the
annular flange 24 are spaced at an equal radial distance from
the longitudinal axis LA1 of the flanged fitting 12 such that
the two radially outer ends are generally aligned axially. The
radially inner annular gasket segment 44 of the upstream
annular gasket layer 40a accommodates imperfections in the
liner 26, provides a chemical seal, and protects and inhibits
breakage of the non-metal liner, which may be glass or other
frangible material. The radially inner annular gasket seg-
ments 44 of the upstream and downstream annular gasket
layers 40a, 405 may comprise (e.g., be formed from) a
fluoropolymer, such as polytetrafluoroethylene (PTFE),
including expanded PTFE (ePTFE). An example of suitable
ePTFE is sold under the trademark GORE-TEX® and
manufactured by W. L. Gore & Associates. The radially
inner annular gasket segments 44 of the upstream and
downstream layers 40a, 406 may comprise (e.g., be formed
from) other types of materials, including other types of
polymers. Together, the radially inner annular gasket seg-
ment 44 of the upstream annular gasket layer 40a and the
liner 26 (e.g., glass liner) of the annular flange 24 form a
liquid-tight seal.

The radially outer annular gasket segment 46 of the
upstream annular gasket layer 40a generally opposes, abuts
and seats against the annular inlay 30 of the annular flange
24. The radially outer annular gasket segment 46 of the
downstream annular gasket layer 405 is configured to gen-
erally oppose, abut and seat against an annular flange or
other component of the other component (e.g., the expansion
joint fitting 14) of the flange joint assembly 10. The radially
outer annular gasket segment 46 is sized and shaped to
radially extend from the radially outer end of the annular
inlay 30 on the annular flange 24 toward the longitudinal
axis LAl of the flanged fitting 12 when the joint flange
assembly 10 is assembled. In one example, the radially outer
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ends of the radially outer annular gasket segments 46 are
generally flush with the radially outer end of the annular
inlay 30. The phonographic finish of the downstream surface
of the radially outer annular portion of the annular inlay 30
facilitates seating of the radially outer annular gasket seg-
ment 46 of the upstream gasket layer 40a on the annular
inlay and inhibits movement of the gasket 15 relative to the
annular inlay and the flanged fitting 12. The layers 40a, 405
of the radially outer gasket segment 46 provide a fire-rated
seal at the outer radial end of the annular flange 24. The
radially outer annular gasket segments 46 of the upstream
and downstream layers 40a, 4056 may comprise (e.g., be
formed from) graphite, such as flexible graphite. The radi-
ally outer annular gasket segments 46 of the upstream and
downstream layers 40a, 405 may be fire-rated. An example
of a suitable radially outer annular gasket segment 46 of
flexible graphite is sold under the trademark GRAFOIL®
gasket and manufactured by GrafTech International. The
radially outer annular gasket segments 46 may comprise
(e.g., be formed from) other types of materials, including
other types of fire-rated materials. Together, the radially
outer annular gasket segment 46 of the upstream gasket
layer 40a and the annular inlay 30 of the annular flange 24
form a fire-rated seal.

The inner annular substrate 42 of the annular gasket 15
extends along an entire radial width of the gasket from the
inner radial end to the outer radial end thereof. The annular
substrate is provided for blow-out resistance to inhibit the
annular gasket layers 40a, 405 from being unseated radially
and/or forced radially out of its position between the annular
flange 24 and the second conduit (e.g., the expansion joint
fitting). In the illustrated embodiment, the annular substrate
42 is corrugated radially along its radial width to enhance
friction between the annular substrate the annular gasket
layers 40a, 405. The annular substrate 42 may be fire-rated.
For example, the annular substrate 42 may comprise (e.g., be
formed from) metal, such as, a nickel alloy (e.g., Alloy 625,
Alloy 600, Alloy C-276/C-22/C-2000, Hastelloy® G-30/G-
35/BC-1, Inconel® 686, Monel® 400, Alloy 825, Alloy 200,
AL-6XN®, or 9041 SS), or a reactive metal (e.g., titanium
Gr. 2/Gr. 7, zirconium 702, tantalum, tantalum with 2.5%
tungsten), or combinations thereof, including alloys thereof.
In one example, the annular substrate 42 is formed from
tantalum. The annular substrate 42 may comprise (e.g., be
formed from) other types of materials, including other types
of fire-rated materials.

In the illustrated embodiment, as shown in FIG. 6, a
combined, uncompressed axial thickness T2 of the gasket
layers 40a, 405 and the annular substrate 42 at the radially
inner annular gasket segment 44 is greater than the com-
bined, uncompressed axial thickness T3 of the layers and the
annular substrate 42 at the radially outer annular gasket
segment 46. When sandwiched between the flanged fitting
12 and the second flanged conduit (e.g., expansion joint
fitting 14), such as shown in FIG. 3, the axial thickness of
the gasket 15 may be substantially uniform along the radial
width. As such, the gasket layers 40a, 405 at the radially
inner annular gasket segment 44 (e.g., ePTFE layers) are
compressed more than the gasket layers at the radially outer
annular gasket segment 46 (e.g., flexible graphite layers).
Such a configuration may be advantageous where the layers
40a, 405 at the radially inner annular gasket segment 44
(e.g., ePTFE layers) need to be compressed more than the
gasket layers at the radially outer annular gasket segment 46
(e.g., flexible graphite layers) to provide a suitable seal with
the liner 26 at the annular flange 24.
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As explained above, the flange coupler assembly 16 is
used to couple the flanged fitting 12 and the annular gasket
15 to a second conduit, e.g., the expansion joint fitting 14.
In the illustrated embodiment, the flange coupler assembly
16 comprises an annular coupling flange 50 (e.g., a split
flange or lap flange) configured to engage a upstream end
surface of the annular flange of the flanged fitting 12. As
used herein when describing the first annular coupling flange
50 and its components and structures, an axis A2 of the
flange coupler assembly is used as the point of reference for
the terms “axially,” “radially,” “inner,” “outer,” and like
qualifiers. A downstream face of the first annular coupling
flange 50 defines an annular flange recess 52 at a radially
inner portion thereof extending around the axis A2 of the
flange coupler assembly 16 in which a portion of the annular
flange 24 of the flanged fitting 12, including a portion of the
radially outer end thereof, is received. The annular coupling
flange 50 defines a plurality of fastener openings 56 spaced
apart around the axis A2 of the flange coupler assembly 16
and extending through the upstream and downstream faces
of'the first annular coupling flange. The fastener openings 56
are axially alignable with fastener openings in an opposing
annular coupling flange, for example. (The illustrated oppos-
ing annular coupling flange is discussed in more detail
below when discussing the expansion joint fitting 14.) The
first annular coupling flange 50 may comprise (e.g., be
formed from) a metal material, such a carbon steel or other
types of metal. The flange coupler assembly 16 suitably
facilitates a liquid-tight and fire-rated seal at the gasket 15
interfaces and does not exceed compressive force that would
crush the gasket layers 40a, 4056 and/or crack the liner 26
(e.g., glass liner).

The gasket 15 ensures the flange joint assembly 10 does
not fail when subjected to a fire test temperature between
1400° F.-1800° F. (761° C.-980° C.) for a period of 30
minutes, according to the API Specification 6FB, Titled
“Specification for Fire Test for End Connections.” That is,
the gasket 15 is suitable for passing the test set forth in API
Specification 6FB. The radially outer annular gasket seg-
ment 46 and the annular inlay 30 form an annular fire-rated
seal to inhibit spreading of fire from outside the flange joint
assembly 10 to the inside, and from inside the flange joint
assembly to outside due to one or more of spalling and/or
melting of the liner 26 (e.g., glass liner) and/or melting of the
radially inner annular gasket segment 44 (e.g., ePTFE mate-
rial) of the annular gasket 15. This fire-rated seal is due to
each of the radially outer annular gasket segments 46, the
annular substrate 42, and the annular inlay 30, which are
fire-rated, being radially outward of the radially inner annu-
lar gasket segment 44 and the liner 26 (e.g., glass liner), each
of which are not formed from material meeting NFPA 30. In
one embodiment, where the annular inlay 30 is a nickel alloy
(e.g. Alloy 625) or reactive metal, the inlay has high
temperature capability to reduce sensitization of the inlay 30
in a glass furnace when applying the glass liner 26, for
example, so that corrosion resistance is not reduced. High
corrosion resistance may reduce corrosion of the fire-rated
seal, such as during maintenance of the flange joint assembly
10. The inlay 30 may be of other materials.

In addition to forming a fire-rated seal, the annular gasket
15 creates a liquid-tight seal at the interface of the liner 26
(e.g., glass liner) and the radially inner annular gasket
segment 44 (e.g., ePTFE). Moreover, the annular insert 30
provides blow-out resistance to inhibit the gasket 15 from
being displaced from between the flange joint assembly 10
(e.g., unseated) if pressure rises within the flange joint
assembly, such as due to an internal fire. In one particular
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embodiment, the annular insert also maintains the fire rating
of the fire-rated seal at the radially outer annular gasket
segment 46 and maintains the fire rating of the gasket 15 as
a whole. For example, the annular insert 30 may be fire-
rated. For example, the annular insert 30 may comprise (e.g.,
be formed from) metal, such as nickel alloy, reactive metal.
In one or more embodiments, the radially outer annular
gasket segment 46 also ecliminates electrical grounding
issues and development of static build-up where each of the
layers 40a, 405 and the annular substrate 42 at the radially
outer annular gasket segments 46 are electrically conduc-
tive. This arrangement will dissipate any static charge or
electrical energy from equipment to the conduit system
without the need for electrical jumpers which is a specific
requirement in NFPA 30, Section 6.5.4, Titled “Static Elec-
tricity.”

The flanged fitting 10, including the annular gasket 15,
may be coupled to another component (e.g., liquid-convey-
ing component) having a flange design suitable for the joint
assembly to pass the test in API Specification 6FB. In
addition to the illustrated expansion joint fitting 14,
described below, non-limiting examples of flange designs
suitable for components to be coupled with the flanged
fitting, including the annular gasket 15, include, but are not
limited to: 1) flat faced metallic weld-neck or slip-on flange
with phonographic finish or spiral serrated surface across the
special raised face diameter equal to the diameter of the
annular flange 24 of the flanged fitting 10; 2) lap joint flange
with metallic stub-end raised face diameter equal to diam-
eter of the annular flange 24 of the flanged fitting 10; 3)
metal lined (e.g., tantalum) flange with metal liner raised
face diameter equal to diameter of the annular flange 24 of
the flanged fitting 10; and 4) glass-lined carbon steel flange
similar or identical to the annular flange of the flanged fitting
10. The components for coupling with the flanged fitting 10
may have other flange designs.

Referring to FIG. 7, another embodiment of a flange joint
assembly is generally indicated at 110. This flange joint
assembly 110 is the similar to the first flange joint assembly
10, with differences between described hereinafter. Identical
components are indicated by the same reference numbers.

Unlike the first flange joint assembly 10, the present
flange joint assembly 110 includes flanged fittings 112 that
are suitable for being coupled together or to other fittings
using a flange clamp(s) 168 rather than a coupling flange
component, as with the first embodiment. To this end, an
annular flange extension 128 of the flanged fitting 112 has a
rounded end 170 that project axially from the annular flange
body 24a. The rounded upstream end 170 accommodates the
flange clamp(s). As an example, the flanged fittings 112 may
be used as or incorporated on one or more of manways,
dome covers, nozzles, nozzle covers, piping, other trim/
equipment connections, etc. The flanged fittings 112 may be
manufactured in substantially the same way as the first
flange fitting 12.

Referring to FIGS. 1 and 9, the illustrated expansion joint
fitting 14 defines a liquid flow passage 208 extending along
a longitudinal axis LA2 of the expansion joint fitting. The
expansion joint fitting 14 comprises first and second annular
coupling flanges 210, 212, respectively, (e.g., upstream and
downstream coupling flanges) spaced apart from one
another along the longitudinal axis LLA2 of the expansion
joint fitting; and concentric radially inner and outer bellows,
generally indicated at 216, 218, respectively, extending
axially between and interconnecting the upstream and down-
stream coupling flanges. As used herein when describing the
expansion joint fitting 14 and its components and structures,
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the longitudinal axis [LA2 of the expansion joint fitting is
used as the point of reference for the terms “axially,”
“radially,” “inner,” “outer,” and like qualifiers. The radially
inner and outer bellows 216, 218 are radially spaced apart
from one another to define an annular plenum 219 therebe-
tween extending axially along the expansion joint fitting 14.

Each of the upstream and downstream annular coupling
flanges 210, 212 defines a plurality of fastener openings 220
spaced apart around the longitudinal axis [LA2 of the expan-
sion joint fitting 14 and extending through the upstream and
downstream faces of the corresponding annular coupling
flange. The fastener openings 220 are axially alignable with
fastener openings (e.g., openings 56, FIG. 2) in an opposing
annular coupling flange (e.g., coupling flange 50), as shown
in FIG. 1, for example. Each of the annular coupling flanges
210, 212 may comprise (e.g., be formed from) a metal
material, such a carbon steel or other types of metal. For
reasons explained below, in the illustrated embodiment
(FIG. 9) a radial width W2 of one or more of the annular
coupling flanges 210, 212 may be greater than a radial width
of the annular coupling flange 50 of the illustrated flanged
fitting 12.

The radially inner bellows 216 includes an annular cor-
rugated body 224 and opposite upstream and downstream
longitudinal end portions respectively, secured to the respec-
tive upstream and downstream annular coupling flanges 210,
212, respectively. The upstream longitudinal end portion of
the radially inner bellows 216 includes an axial segment
226a extending along and secured to the interior annular
surface of the upstream coupling flange 210, and an annular
radial segment 228a extending radially outward from the
axial segment radially along and secured to a upstream end
face of the upstream annular coupling flange 210. The
downstream longitudinal end portion of the radially inner
bellows 216 includes an axial segment 2265 extending along
and secured to the interior annular surface of the down-
stream coupling flange 212, and an annular radial segment
228b extending radially outward from the axial segment
radially along and secured to a downstream end face of the
upstream annular coupling flange 210. The annular radial
segments 228a, 228b define respective first and second
annular gasket abutment faces of the expansion joint 14.

The radially inner bellows 216 may be fire-dated. The
radially inner bellows 216 may comprise (e.g., be formed
from), metal such as nickel alloy (e.g., Alloy 625, Alloy 600,
Alloy C-276/C-22/C-2000, Hastelloy® G-30/G-35/BC-1,
Inconel® 686, Monel® 400, Alloy 825, Alloy 200,
AL-6XN®, or 9041 SS), or a reactive metal (e.g., titanium
Gr. 2/Gr. 7, zirconium 702, tantalum, tantalum with 2.5%
tungsten), or combinations thereof, including alloys thereof.
In one example, the radially inner bellows 216 is multi-
layered. For example, the radially inner bellows 216 may
include a radially innermost layer comprising a first type of
material (e.g., a reactive metal or nickel alloy), and one or
more radially outer layers, each comprising a material
different from the innermost layer (e.g., a reactive metal or
nickel alloy). In one example, the radially innermost layer of
the radially inner bellows 216, which defines the liquid-
conveying passage 208 of the expansion joint fitting, may
comprise tantalum, or another type of reactive metal. In this
same example, the one or more radially outer layers (e.g.,
two, three, or more layers) may comprise Alloy 625, or
another type of nickel alloy. Each of the layers of the radially
inner bellows 216 may have a thickness of about 0.5 mm.
The respective downstream and upstream longitudinal end
portions of the radially inner bellows 216 may be secured to
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the corresponding annular coupling flanges 210, 212, such
as by spot welding, seal welding, or in other ways.

The radially outer bellows 218 includes a corrugated body
and is coupled to the upstream and downstream annular
coupling flanges 210, 212 by corresponding upstream and
downstream annular mounting brackets 234, 236, respec-
tively, mounted on the respective upstream and downstream
annular coupling flanges. The upstream annular mounting
bracket 234 on the upstream annular coupling flange 210 is
disposed radially outward of the radially inner bellows 216
and projects axially (i.e., downstream) toward the down-
stream annular coupling flange 212. The downstream annu-
lar mounting bracket 236 on the downstream annular cou-
pling flange 212 is disposed radially outward of the radially
inner bellows 216 and projects axially (i.e., upstream)
toward the upstream annular coupling flange 210. The
annular mounting brackets 234, 236 may be welded to the
corresponding upstream and downstream annular coupling
flanges 210, 212, or may be secured thereto in other ways.

The radially outer bellows 218 may be fire-rated and may
comprise (e.g., be formed from) metal, such as, but not
limited to, nickel alloy (e.g., Alloy 625, Alloy 600, Alloy
C-276/C-22/C-2000, Hastelloy® G-30/G-35/BC-1, Inc-
onel® 686, Monel® 400, Alloy 825, Alloy 200, AL-6XN®,
or 904L SS), or a reactive metal (e.g., titanium Gr. 2/Gr. 7,
zirconium 702, tantalum, tantalum with 2.5% tungsten), or
combinations thereof, including alloys thereof. In one
example, the radially outer bellows 218 is multi-layered. For
example, each of the layers of the radially outer bellows 218
may comprise (e.g., be formed from) nickel alloy, such as
Alloy 625, or another type of nickel alloy. Each of the layers
of the radially outer bellows 218 may have a thickness of
about 0.5 mm. The respective downstream and upstream
longitudinal end portions of the radially outer bellows 218
may be secured to the corresponding annular mounting
brackets 234, 236, such as by welding or in other ways.

The expansion joint fitting 14 further includes an inlet
port 244 and an outlet port 246, each of which is in fluid
communication with the annular plenum 219. In the illus-
trated embodiment, the inlet port 244 is mounted on the
downstream annular mounting bracket 236 and extends
radially outward therefrom, and the outlet port 246 is
mounted on the upstream annular mounting bracket 234 and
extending radially outward therefrom. It is understood that
the locations of the ports 244, 246 may be reversed in other
embodiments. In use, a purge gas (e.g., an inert gas, such as,
but not limited to, nitrogen) from a gas source 250 is
delivered into the annular plenum 219. The gas source 250
may include a compressor or gas cylinder for pressurizing
the gas. The purge gas flows axially (e.g., upstream) through
the annular plenum 219 and exits the annular plenum
through the outlet port 246. In the illustrated embodiment,
the axial flow of purge gas (as indicated by arrows G)
through the annular plenum 219 is in an axial direction (e.g.,
upstream) that is opposite the axial direction (e.g., down-
stream) of the flow of liquid through the expansion joint
fitting 14 (as indicated by arrows labeled L). In other
embodiments, the axial flow of purge gas may be in the same
direction as the flow of liquid.

In one embodiment, the purged gas that has exited the
annular plenum 219 may be analyzed to determine if liquid
in the expansion joint fitting 14 is leaking through the
radially inner bellows 216, which may indicate failure of the
expansion joint fitting. In particular, if liquid or gas (i.e.,
fluid) is leaking into the annular plenum 219, at least some
amount of the liquid or gas will be entrained in the flowing
purge gas and carried outside the annular plenum through
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the outlet port 246. The exited purge gas may be analyzed
continuously or periodically to detect any potential failure of
the expansion joint fitting 14. For example, the exited purge
gas may flow through a detector or analyzer 254 suitable for
detecting the flammable liquid or gas or other foreign
substances entrained in the purge gas. The purge gas may be
in a closed loop system, whereby any foreign substance in
the purge gas is filtered via a filter system before being
re-delivered into the annular plenum 219.

In one embodiment, one or more leak detection openings
260 are formed in the radially inner bellows 216 adjacent the
inlet port 244 when the inner bellows 216 is multi-layered.
The leak detection openings 260 penetrate only the outer
layers of the inner bellows 216 in this example and fluidly
connect the liquid flow passage 208 to the annular plenum
219 so that leak detection can be more expedient due to
failure of the inner layer of the inner bellows 216 which can
be a different material of construction (MOC) from the outer
layers of the inner bellows 216. This will provide a leak
detection alert that there is a corrosion or failure issue with
the inner layer of the multi-layer inner bellows 216. In one
example, one or more leak detection openings may have a
diameter of about 3 mm.

In the illustrated embodiment, the expansion joint fitting
14 is coupled to the flanged fitting 12 and the gasket 15 so
that the joint assembly 10 is liquid-tight and passes the test
set forth in API Specification 6FB. In this example, the
annular coupling flange 50 of the flanged fitting 12 is
secured to the upstream annular coupling flange 210 of the
expansion joint fitting 14 with the fasteners extending
through the corresponding aligned fastener openings 56,
220. As coupled, the downstream face of the gasket 15 abuts
and seats on an upstream face of the annular radial segment
228a of the radially inner bellows 216 to form a liquid-tight
and fire-rated seal. In particular, the annular radial segment
228a abuts and seats on both the radially outer annular
gasket segment 46 to form the fire-rated seal, and the
radially inner annular gasket segment 44 to form the liquid-
tight seal.

The illustrated expansion joint fitting 14 provides second-
ary protection should a leak form in the radially inner
bellows 216. That is, radially outer bellows 218 provides a
secondary barrier so that any liquid or gas (i.e., fluid) leaking
into the annular plenum 219 is contained therein to inhibit
leaking of the liquid or gas externally of the expansion joint
fitting 14. As also set forth above, the expansion joint fitting
14 may facilitate leak detection of liquid or gas leaking into
the annular plenum. Liquid or gas in the annular plenum 219
may be entrained in the purge gas flowing through the
annular plenum. This liquid or gas may be detected by the
detector or analyzer 254 to indicate the possibility of a leak.
Moreover, the purge gas may facilitate removal of the leaked
liquid or gas from the annular plenum 219 to further inhibit
any leaking of liquid or gas outside the expansion joint
fitting 14.

The expansion joint fitting 14, including the annular
gasket 15, may be coupled to another component (e.g.,
liquid-conveying component) having a flange design so that
the joint assembly passes the test in API Specification 6FB.
In addition to the illustrated flanged fitting 10, described
below, non-limiting examples of flange designs suitable for
components to be coupled with the expansion joint fitting
14, including the annular gasket 15, include, but are not
limited to: 1) flat faced metallic weld-neck or slip-on flange
with phonographic finish or spiral serrated surface across the
special raised face diameter equal to one or both of the
diameters of the annular radial segments 228a, 2285 of the
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inner bellows 216 of the expansion joint fitting 14; 2) lap
joint flange with metallic stub-end raised face diameter
equal to one or both of the diameters of the annular radial
segments 228a, 228b of the inner bellows 216 of the
expansion joint fitting 14; 3) metal lined (e.g., tantalum)
flange with metal liner raised face diameter equal to one or
both of the diameters of the annular radial segments 228a,
228b of the inner bellows 216 of the expansion joint fitting
14, such as flange 310 with metal liner 326 (e.g., tantalum)
illustrated in FIG. 10; and 4) glass-lined carbon steel flange
similar or identical to the annular flange of the flanged fitting
10. The components for coupling with the expansion joint
fitting 14 may have other flange designs.

Modifications and variations of the disclosed embodi-
ments are possible without departing from the scope of the
invention defined in the appended claims.

When introducing elements of the present invention or the
embodiment(s) thereof, the articles “a”, “an”, “the” and
“said” are intended to mean that there are one or more of the
elements. The terms “comprising”, “including” and “hav-
ing” are intended to be inclusive and mean that there may be
additional elements other than the listed elements.

As various changes could be made in the above construc-
tions, products, and methods without departing from the
scope of the invention, it is intended that all matter contained
in the above description and shown in the accompanying
drawings shall be interpreted as illustrative and not in a
limiting sense.

What is claimed is:

1. An annular gasket for a flange joint assembly config-
ured to convey flammable fluid and for inhibiting failure of
the flange joint assembly when subjected to fire, the annular
gasket comprising:

an annular substrate sandwiched between two annular

gasket layers, the annular substrate being of substan-
tially uniform thickness, and corrugated radially with
alternating crests and troughs such that a crest on one
side aligns with a trough on the opposite side, and each
annular gasket layer including:

a radially inner annular gasket segment comprising a
first material, the radially inner annular gasket seg-
ment configured to form a liquid-tight seal with an
opposing flange, wherein the radially inner annular
gasket segment is not fire-rated, and

a radially outer annular gasket segment surrounding the
radially inner annular gasket segment, wherein the
radially outer annular gasket segment is fire-rated for
forming a fire-rated seal with the opposing flange
and wherein the radially outer annular gasket seg-
ment is electrically conductive,

wherein the radial extent of the radially outer annular
gasket segment is less than the radial extent of the
radially inner annular gasket segment, and

wherein the annular gasket is configured to inhibit
failure of the flange joint assembly when the flange
joint assembly is subjected to a fire temperature
between 1400° F. and 1800° F., for a period of 30
minutes.

2. The annular gasket set forth in claim 1, wherein the
radially inner annular gasket segment comprises a fluoropo-
lymer.

3. The annular gasket set forth in claim 2, wherein the
radially inner annular gasket segment comprises expanded
polytetrafluoroethylene (ePTFE).

4. The annular gasket set forth in claim 1, wherein the
radially outer annular gasket segment comprises graphite.
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5. The annular gasket set forth in claim 4, wherein the
radially outer annular gasket segment comprises flexible
graphite.

6. The annular gasket set forth in claim 5, wherein the
radially inner annular gasket segment comprises a fluoropo-
lymer.

7. The annular gasket set forth in claim 1, wherein the
radially inner annular gasket segment of each of the annular
gasket layers comprises a fluoropolymer, wherein the radi-
ally outer annular gasket segment of each of the annular
gasket layers comprises graphite, and wherein the annular
substrate comprises at least one of nickel alloy, reactive
metals, and alloys thereof.

8. An annular gasket for a flange joint assembly config-
ured to convey flammable liquid and for inhibiting failure of
the flange joint assembly when subjected to fire, the annular
gasket comprising:

a first annular gasket layer including a first radially inner
annular gasket segment and a first radially outer annu-
lar gasket segment surrounding the first radially inner
annular gasket segment;

a second annular gasket layer opposing the first annular
gasket layer, the second annular gasket layer including
a second radially inner annular gasket segment and a
second radially outer annular gasket segment surround-
ing the second radially inner annular gasket segment;
and

a corrugated annular substrate sandwiched between the
first annular gasket layer and the second annular gasket
layer, the annular substrate being of substantially uni-
form thickness, and corrugated radially with alternating
crests and troughs such that a crest on one side aligns
with a trough on the opposite side;

wherein the first and second radially inner annular gasket
segments are configured to form a liquid-tight seal with
an opposing flange and are not fire-rated;

wherein the first and second radially outer annular gasket
segments are fire-rated for forming a fire-rated seal
with the opposing flange and are electrically conduc-
tive;

wherein the radial extent of the first and second radially
outer annular gasket segments is less than the radial
extent of the first and second radially inner annular
gasket segments;

wherein the annular gasket is configured to inhibit failure
of the flange joint assembly when the flange joint
assembly is subjected to a fire temperature between
1400° F. and 1800° F. for a period of 30 minutes; and

wherein, when the annular gasket is uncompressed, the
first annular gasket layer and the second annular gasket
layer are cohesively positioned on opposing sides of the
corrugated annular substrate to enhance friction
between the first annular gasket layer and the second
annular gasket layer and the corrugated annular sub-
strate and to provide blow-out resistance, thereby
inhibiting the first annular gasket layer and the second
annular gasket layer from being unseated radially and/
or forced radially out of position.

9. The annular gasket set forth in claim 8, wherein the first
and second radially inner annular gasket segments each
comprise a fluoropolymer.

10. The annular gasket set forth in claim 9, wherein the
first and second radially inner annular gasket segments each
comprise expanded polytetrafiuoroethylene (ePTFE).

11. The annular gasket set forth in claim 9, wherein the
first and second radially outer annular gasket segments each
comprise graphite.
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12. The annular gasket set forth in claim 11, wherein the
first and second radially outer annular gasket segments each
comprise flexible graphite.

13. The annular gasket set forth in claim 11, wherein the
corrugated annular substrate comprises at least one of nickel
alloy, reactive metals, and alloys thereof.

14. The annular gasket set forth in claim 8, wherein, when
the annular gasket is uncompressed, a combined axial thick-
ness of the first and second radially inner annular gasket
segments and the corrugated annular substrate is greater than
a combined axial thickness of the first and second radially
outer annular gasket segments and the corrugated annular
substrate.
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